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ROBOTIC DESIGN FOR ,tN AUTOMATED URANIUM SOLUTION
ENRICHMENT SYSTEM

ABSTRACT

E, ( Horhu
.

, T. Beugelsdijk, R. S. Biddle, L. E. Bronisz,
W. J, Hansen, T. K. Li, T. E. Sampson, and G. Walton

bs Alarnos National LatxJta[ory
Los Ahrnos, NM 87545

A mdtod to iiLI[oIlldk solulion enrichment analySiS by
gamma-ray spectroscopy is being developed al LOS Alamos
F!ational Lalxwalory. Both passive and x-ray fluorescence
(XRF) analyses will be rcmo[ely performed to determine the
amounts of 2~~U and toml uranium in sample containers. A
commercial Iabormosy robo[ will bc usd to process up to 40
batch and 8 @ority samples in an unattended mcxle. Samples
will be read by a bar-code reader IO determine rncasurement
requirements, then usayd by eitier or both of the gamma-ray
and XRF inswumen[s. The robo[ will be responsible for
moving [he sample containers and oprac.ing all shield doors
and shutters. In addition to reducing hardware complexity,
this feature will also allow manual opcrarion of the insnu.menrs
if the robot fads. This automated system will reduce pcrsomel
radiation expmmc and incrcaw the reliability and repeatability
of the ma.summema.

MEASUREMENT NEED

As p~.~ of a general quali~y conmol and safeguards up-
grade, the Portsmouth Gaseous Diffusion Plnnl in Ports-
mou~~, Ohio has contracted with La Alamos National Lab
oratory (LANL) to provide IWO automa[cd nondestructive.
assay insrnrmcrus to analyze the entichmem of uranium sohJ-
tions by gamma-my spectroscopy. The instruments art ex-
Wctd m analyze around 700 items per momh. Most items
will be processed in a hatch mode (first in, first out). Batch
capacity will & 38 samples, running in an unattended mode.

Samples can also be processcrl on a prionry basis. Placing a
sample in any one of eight priority levels will intenwp[ [he
batch mode and start processing on the highest prioriIy snrn-
ple. This o! emU process is shown in Fig, 1.

MEASUREMENT COLLECTION

%rnple solutions, drawn from various prcxxss streams In
the hnt, wI]) bc broughf 10 one ~f two laboratories nnd piper.
led mm 200-mL plastic vials, ACCUI’MCsolulion quantities are

7
uircd to de:emirte the u-d uranium in solution. A bar code

WI I Ix tpplicd to the side of the vial and will comcspond m a
data base with the location, date, rime, technician, CIC, A pm.
tion of this information will bc loaded Into [he process com-
puter that conmols [he robnt and prfomns the assay measure-
merm Vials am then placed In a sample tmy inside the robdc
enclosure, Opening the loading doors will suspend robotic
motion, To eliminale M pmcnttal source of operator emor,
snrnpks uc not keyed to a glvcn tray location, PrioriIy and

I
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Fig, 1, Soltition enrichment system mcastuement process

batch samples are identified before analysis by WI aummwic
bar-code rcad~r,

MEASUREMENT OPERATION

The overall sequence of operations of [he roha is con-
trollai by IIIC process computer. Insmxtions um ptisscd to the
robot controller by a “move” command and a “hn’ule” com-
mand. Move commands will be in[erpretcd by [he rolm con-
troller that will CXCCUICthe proper robot M nmi mwtipulimw
sequences to accomplish the move, These scqucnccs m hro-
kcn down into pick, go to, and place sub ro$rtims I.ocuIc

/COrtmIandS are used to SCIISC [he prcscncc o obJecls.

After sam Ics have been awaycd and unlondcd ml ncw
samples have L n wIoadcd, the operator will imwuu[ IIIC pr{J-
cess computer 10 hegirdrcsumc opcmtion. If no ~rionty swn -
ple$ wc prcscnl, bo[ch processing will prmccd In sc~uctl[lill
~rdcr, Ba(ch p~essillg WI] I h ~ornplctcd when [w{) (w Il,[m



,

s tray locations am found to be empty. This is accomplished by
a touch-sensitive feedback sensor on the robot manipulator.

Placing one or more vials in the priority slots will suspend
batch processing All priority slots ale continuously sensed by
the process computer for :he presence of a vial. Status lights
for each priority position indicate one of three conditions:

● empty slot,

● vial assay in progress, or

● may completed.

The priority slots are preferentially serviced, with slot 1 having
the highest priority down to slot 8 with the lowest.

After loading, the process computer will instruct the robot
to move the appropriate vial to be assayed to a rotator posi-
tioned in front of a bar-cede reader. After receiving the move
completed signal from the robot, the process computer wiIl
rotate the sample several times while reading the bar cede.
Now knowing the sample ID, the process computer will query
the data base to determine the appropriate measurements to be
taken, Samples may require either or both assay measure-
ments (passive and XRF). Subsequent measurement data will
be associated witfi the sample D. This process is shown in
Fig, 2. The process computer will display a compltted signal
to the operator when a priority sample or all batch samples are
analyzed.

To reduce the complexity of the instrumentation, the robot
will move two sets of sliding lead-shield covers on each in-
strument (passive and XRF) and operate the XRF shutter
mechanism, This eliminates the ned for additional mo:ors

F

Fig, 2, Robot meu.wtwtcnt sequence.

and solenoids and their controllers. The sequence of steps for
the XRF measurement is given in Fig. 3. For the pawve
measurement, the sequence is similar except tho[ [he XRF
steps are omitted,

+

TAKE X-RAY DATA

1

I

-

TAKE XRF OATA

&

OPEN SHIELD COVER

I

(
MOVE SAMPLE TO \

PASSIVE STATION
OR RETURN TO TRAY I

Fi~ 3. XRF me~ureme~t sequence,

ROBOT” POSITIONAL” TOLERANCES

For may meastmnent repeatability, the sumple vl~li must
be Iocitted wilhin (),()01 in. vcrticitlly and ().()02 In lii[tr;lll~
over the detector hcuds itnd the sour<es in Ix)th shield c(wcr$
must be positioned within (),()05 in, vertically und ()()1() in.
laterally, To accurately position the vittls, a ~iirt~pk holder h~s
been designed with sloping sides to allow firm] tillgnmtnt.
This will UIIOW the vial to be nh.wed in the holder wllhln (),()1()
in, iind .wwk in for the final ulignment, As Ihc $hwld ~xwcr
will move on sliding trucks, verticul uli~nmcnl 13 ,l\\uIctl:

lutcral positioniJlg to within (),()1() in, will need [t) he ilL’L’lllt)
plishcd by the robot, To ussurc thtit [he (),()1()-III, rtqultctlwtlt



can be reliably met. a robot with a positional repeatability of
0.005 in. was sclestcd.

ROBOT ENCLOSURE

A positive-pressure enclosure drawing in fiherd air from
an outside source will protect the rolmLc syswm and the assay
insrrumems from the dust and acid environment of tie labora-
IOW. A sketch of this design is shown in Fig 4. The CICU ac-
cess doors will be intcrlaked to the rolm ccmtroller. Opening
tie loading-access doors will place rhc robot imd @ppcr in a
controllal stop. The opcmtor will resin the robot from the
ptmcess computer after die dcmrs arc closed,

Status lights on the front panel will indicare when the
robotic system is in either bmch mode processing, priority
pr~essing, or an error condition is present (operator call).
The process wmputer will communicate to the rolxrl controller
the sustus stmes to display.

Inside the enclosure at abou[ waist level is an instrumen[
shelf that provides support for the two 3tX1-lb detec[or head
assemblies, the sample tray and ils priority display panel, a
drip an, and a bar-cixk reader, Slots in the shelf are pm

Jvid [o allow direct s!idemut rcmowd of dw instnmcrtt head.
A bottom shelf is provided in the cen[er of tie unit for the
robt controller, Liquid- nitmgcn dewars arc Iocatcd on either
side of she robot comroller, resling on floor jacks, This con-
figuration is shown is Fig 5,

AVAILABILITY CONCERNS

To increase the amount of time the unit is available, an
unintctmptable pwer supply (UPS) wiU be cannccml to the

Fig 4. LA (VL sohrion enridvnem sysfem
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Fig. S. Soltuion enrichment sys~enrconjig ura{iorr IUMUI.

rolmt and the process computer to provide power during in-
termittent outages (<IS rein), In the c~’en[ of an cxlendcd
ow.age, Use UPS will signal the process computer to safely
stop the cumcnt operations, putting clown safely any cmwmxr
currently held in the @pPer.

SUMMARY

Automating the solution enrichment amdysis by gismnla-
ray spectroscopy will improve [he reliability and rcpcut~bility
of the assay over existing manual methods, Both passive And
XR.F analyses will be remotely perfomncd to determine the
amount of ~35U and total uranium in sample conmiocrs. A
commercial Iaburatory robot will lx used to proms up 10 4[)
batch md 8 priority samples in an unmended mode, Operator
involvement pcr sample will be reduced, lowering [he Jssuy
cost, This pnits plmt operators to increase their sampling
rates and obtain betrcr quality control over prcxessing opera-
tions, Future upgrades or changes in the aswty me[hod cm Ix
easily accommodated by revising the process computer com-
mands and/or the robot controller instruction scqucncesl “Ilw
robot cart be reprogrammed on site by u touch keypld or by
downloading instmctiom from the process computer. In the
health physics area, persormcl tndintion exposure per sump!c
should 9Lc0 bc l’CdUCCd.
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